Some echinoderms and sponges produce cytotoxic terpenoid or steroid derivatives probably to defend themselves from fish and pathogenic microforins. Most of these compounds proved to be glycosides or steroid suiphates and may cause a disturbance in the permeability of biological membranes. The presence of such and other cytotoxins is likely to be correlated with the chemical composition of membranes. As a result, usual sterols such as cholesterol are absent or present in small amounts in these species. Structures, distribution and properties of the active compounds and sterols are described.
. Later, the studies on cytotoxic compounds from echinoderms and sponges were activated and resulted in the structural elucidation of some new natural products and in a series of review publications (ref s. [6] [7] [8] [9] . From 1968 and especially in the past decade our laboratory has participated in this research.
The aim of the present work is to summarize some of our most significant efforts, giving attention to the structures, chemotaxonomic aspects and peculiarities of the biological action of isolated substances.
TRITERPENE GLYCOSIDES FROM SEA CUCUMBERS
In the animal kingdom triterpene glycosides have been found in the exclusively marine phylum Echinodermata and particularly in species of the class Holothuroidea (sea cucumbers). At the very beginning of our research the following points still remained obscure : 1) the full chemical structures of these natural products, 2) the degree of variety of the glycosides from sea cucumbers, 3) the presence or absence of a relationship between the systematic positions of the animals and their glycoside content and 4) a relationship between their structures and activities. We have tried to provide answers to the above problems.
It was shown that all types of isolated glycosides have the related aglycones of the holostane skeleton (ref. 10) , differing from each other by the structure of the side chain, the position of the endocyclic double bond and the presence of various functional groups. Triterpene glycosides are widely distributed in holothurians, and a correlation exists between the systematic position of the animals and the glycoside structures contained therein. There is a definite structural regularity in both the aglycones and carbohydrate moieties of different glycosides as well as resemblance (or identity) of such compounds from related species (refs. 11-14) . In contrast to holothurins and bohadschiosides, the glycosides of another group, the so-called stichoposides, possess a double bond occupying the 7(8)-position (ref. 35) . The genuine aglycones of stichoposides have been separated from other products of mild acid hydrolysis by chromatography on a column, using AgNO. The related tetrasaccharides, named thelenotosides A and B (13, 14) , from Thelenota ananas closely resemble holothurin A(2) with respe' to the structure of the carbohydrate moieties. However, 3-0-methyl-D-glucose in 13, 14 is attached to D-xylose while in, it is attached to D-glucose tef. 41).
More complicated structures have been established for glycosides J-9
.isolated from several species of the Stichopodidae family (refs. 42-45). 
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The compound is probably one o the predominant components of glycoside fractions from these animals. However, the absence of j, or related compounds in S. lappnicus has been reported (refs. 46, 47 22) , from S. jponicus collected near the Japanese coast have been proposed'lref. 50). We reported these structures with some differences in the carbohydrate moiety for holotoxins A1 and B1 (, ) from the same animals collected on the Soviet coast of he Sea of Japan (refs. 46, 47) .
It was suggested earlier (ref. 50 ) that the carbohydrate components of sea cucumber glycosides may vary depending on the habitat of the animals. On the other hand, as we have noticed in our studies of fifty species of holothurians, the glycoside fractions from animals collected in different areas consist of the same compounds. The quantities of these natural products within each fraction could vary, but their chemical structures are invariable. It is thus doubtful that S. jaonicus contains distinguishable glycosides depending on their place of origin. Purther investigations will permit more precise conclusions regarding the non-regularity of carbohydrate chain structures of holotoxins isolated from different collections of S. jponicus. We also note that the carbohydrate moieties of holotoxin A1 anUB1 more closely resemble those of related species of the Stiohópodidaê family than those of holotoxin A and B.
The appurtenance of glycosides to certain systematic groups of holothurians suggests that these animals may be able to perform biosynthesis of such natural products. Our experiments and the analogous studies carried out by The more polar cytotoxin () has been isolated from P. fabricii by a Canadian group as well as by us (ref s. 57-59). Both groups concIuded that the genuine aglycone of is holotoxinogenin, and that the carbohydrate chain contains two sulphate groups. However, the determination of the monosaccharide sequence yielded different results. Our Canadian colleagues used FAB-massspectrometry and established that there is a xylose-glucose-quinovose-3-0-methyl-glucose sequence.
We applied partial acid hydrolysis followed by, isolation of the progenins obtained and showed that this sequence in psolusoside is identical with the one in holothurin A as given in Pig. 4.
Therefore, holothurians contain a number of diverse cytotoxic triterpene glycosides, but only Aspidochirota has been attentively examined as a source of these natural products. The least studied group of sea' cucumbers The antifungal properties and other aspects of the physiological activity of these metabolites oC sea cucumbers are probably dependent on the glycoside's ability to form complexes with membrane sterols. As a consequence, these natural products may serve as instruments or studying the role of sterols in biological membranes (ref. 66) . The ability of low concentrations of these substances to hinder the development of fertilized eggs of sea urchins shows the probable participation of sea cucumber glycosides in interspecies interactions.
STEROID GLYCOSIDES FROM ECHINODERMS
The other interesting group of physiologically active natural products In contrast to 3 -sulphated oligoglycosides from starfishes, 24-0-and 28-0-glycosylated steroid polyols show only a mild cytotoxic action irrespective of the presence of a sulphate group. As a rule, starfishes having these compounds also contain more active oligoglycosides.
The occurrence of steroid polyols and their derivatives in Asteroidae is of interest from both evolutionary and functional points of view. A participation of these compounds as digestive agents similar to bile acids in the utilization of food has been postulated by us on the basis of their structural similarity to bile alcohols of some fish as well as the presence of these compounds in the liver and pyloniccaeca of starfishes. If such a biological role can be confirmed, it may provide new insights into the chemical evolution of bile acids. The physiological activity of the sulphated steroids from sponges as well as of the triterpene glycosides from sea cucumbers is associated with the formation of pores on the biological membranes. In contrast with holothurins, sponge metabolites do not decrease their membranolyCic ability in the presence of cholesterol. At the same time, a diminished action on cell membranes was observed for halistanol sulphate or sokotrasterol sulphate when bovine serum albumin was added to the corresponding medium. It may be suggested that some cytotoxic effects of these substances arise from their interactions with protein membrane components.
The first identification of such unusual structural features as two additional methyl groups at C-.26 and quaternary alkylation at C-25 raises some interesting questions concerning the biosynthesis of j,. Therefore, the stability of echinoderm cells to the action of their own cytotoxins results from : 1) the low concentration of free sterols in biomembraies and 2) the absence of sterols being as sensitive to glycosides as are is-derivatives in these membranes.
Sea cucumbers . iaponica and . fraudatrix represent an interesting case of replacing membrane c1bIesterol for other sterols. These animals contain -ol (j) and 24- It is probable that biosynthesis o± cytotoxic sulphated polyhydroxylated steroids and the presence of uncommon sterols are connected with specific microflora of the tropical Halichondriidae species.
